INTRODUCTION
Medicinal plants are popularly used for various diseases due to their acceptability, effectiveness, affordability, safety and low cost. 1 According to WHO it was estimated that up to 80% of people still rely primarily on traditional remedies for healthcare. The medicinal value of these plants is due to their elemental composition and the presence of wide range of phytochemicals.
Even though the plant has traditional medicinal values, still there is no data available on its quality control profile. The DNA fingerprinting profile, pharmacognostical, physicochemical and phytochemical standardization of herb provides guideline for correct identification and prevention of adulterants. Therefore the aim of the present study is to develop the scientific standardization monograph for whole plant of Exacum lawii and DNA fingerprinting profile. These are contemplating as the primary steps for quality control standardization of Exacum lawii.
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MATERIAL AND METHOD

Plant authentication and extraction process
The plant samples were collected in the month of August-October from Mahabaleshwar, Maharashtra, India. The plant was identified and authenticated by Dr. N. M. Dongarwar, Assistant Professor, Department of Botany, Rashtrasant Tukadoji Maharaj Nagpur University, India. Voucher specimen (Cog/EL/2014-15) was deposited for future reference in Pharmacognosy laboratory of Department of Pharmaceutics, Indian Institute of Technology (Banaras Hindu University), Varanasi, India. The whole plant was freshly collected, thoroughly washed and shade dried for one week at temperature not exceeding 60 o C to prevent the deactivation of thermolabile phytoconstituents. The dried plant was coarsely powdered using mechanical grinder, passed through 60 mesh sieve size and stored at room temperature until extraction. The coarsely powdered drug was used for powder study and physiochemical parameters. For phytochemical screening, the powdered drug (500 gm) was exhaustively extracted for 24h by soxhlation using 95% ethanol (3 litres) as solvent for extraction (using soxhlet apparatus). The extract was concentrated using vacuum rotary evaporator (IKA Germany) and dried in vacuum desiccator. The obtained extract (ELE) was then fractionated using different solvents such as petroleum ether, toluene, chloroform, ethyl acetate and water. The extract was then evaluated for colour, taste and extractive value.
Random Amplified Polymorphic DNA (RAPD) fingerprinting profile DNA isolation, Quantification and Electrophoresis
The fresh plants of Exacum lawii were flashed with liquid nitrogen followed by grinding of frozen tissues using a mortar and pestle. 3mg/ml proteinase k was added to the samples in eppendorf. These samples were incubated at 37°C for 1h in a water bath shaker. Pre-warmed extraction buffer (100 mM Tris-HCl (pH 8.0), 2.5 M NaCl, 20 mM EDTA, 3 % CTAB, 1 % (v/v) 2-mercaptoethanol and 1 % Sarkosyl) was added after incubation kept in shaker water bath at 65°C. Supernatant (5 ml) were separated from each tube and allowed to cool at room temperature followed with equal volume chloroform: isoamyl alcohol (24:1) solution. An upper aqueous and a lower organic solvent layer in each tube were formed. Tubes were slowly inverted without shearing of DNA until homogenous emulsion was formed. The tubes were centrifuged at 9200 rcf for 15 min at 4°C using 3K30 laboratory centrifuge. Upper transparent aqueous layer containing nucleic acid was transferred to another 50 mL tube using a 5 mL micropipette with broad bore tips. The tubes left over night at −20°C for nucleic acid precipitation after adding double volume of pre-chilled ethanol and 3M sodium acetate (pH 5.2). The tubes were centrifuged at 20,000 rcf for 15 min to pellet the precipitated nucleic acid. The supernatant were removed and pellets obtained were washed in 70 % ethanol. The pellets were dried in hot air blower for complete removal of ethanol. These pellets were suspended in 50 μl of TE buffer (Tris-HCl 10 mM pH 8.0 and EDTA 1 mM). The suspension was incubated with pancreatic RNaseA (final concentration 0.2μg/μl) for 2h at 37°C to remove RNA. The resulting suspensions contained DNA from Exacum lawii plant. The concentration of DNA was checked by measuring A 260 /A 280 ratio in a Hitachi UV-Vis spectrophotometer. Isolated DNA was electrophoresed in 0.8 % agarose gel containing 1 μg/ml ethidium bromide using TAE electrophoresis buffer (40 mM Tris-acetate and 1 mM EDTA of pH 8.0) and photographed in the gel documentation system (Bio-Rad, USA).
RAPD-PCR and Electrophoresis
Six different primers were selected to generate reproducible amplification products. 15, 16 Sequences of the primers (Sigma grade) used for RAPD-PCR are given in Table 1 . PCR was performed in 25 μl reaction mixture containing 40 ng DNA, 2.5 μl of 10X PCR buffer (500 μM dNTPs, 4.5 mM MgCl 2 , 0.5µM of each primer and 0.6 unit per µl Taq DNA polymerase (Bangalore Genei, India) in an Icycler PCR thermal cycler (Bio-Rad, USA). The thermal cycler profile was as follows: initial denaturation for 1 min at 95°C followed by 35 incubation cycles each consisting of 94°C for 30 sec denaturation, 30 sec annealing at 48°C then 60 sec at 68°C and a final 5 min elongation at 68°C. Primers were combined in an equimolar ratio for the multiplex reaction. PCR products were seperated by electrophoresis in 1.5 % (w/v) agarose gel using TAE buffer (40 mM Tris-acetate and 1 mM EDTA at pH 8.0) containing 0.5 μg/ml ethidium bromide and photographed. RAPD banding profiles were scored by using an Amersham 100-bp ladder on the basis of presence or absence of the bands of a particular size were determined utilising fingerprinting II version-3 software (Bio-Rad, USA).
Pharmacognostical studies Morphological, microscopical and powder evaluation
Morphological, histological and powder evaluation were done according to standard procedure given in Trease and Evans. 17, 18 For morphological evaluation, the whole plant was evaluated for the size, texture, colour, shape, odour and taste. For microscopical study whole plant was preserved in n-butyl alcohol of different proportion. The sections were taken with the help of rotary microtome (York Scientific Industries Pvt. Ltd.) and sections were dehydrated with different ratio of absolute alcohol and then stained with safranin. Finally the obtained stained sections were permanently mounted with DPX for histological study. 19 Sections were also analysed in SEM (scanning electron microscopequanta 200) at low vacuum. The pressure was maintained in the range of 5.99 to 6.02e -1 torr. The detector used was secondary electron detector. The sections were placed on a circular aluminium specimen stub, pre-coated with silver glue (for increasing conductivity of electrons) and placed over observation area. It was then observed under the SEM in varying magnifications and micrographs were recorded. Powdered drug was stained with phloroglucinol and HCl and observed under microscope. For the study of macerated tissue and isolated cells plant was treated with the concentrated nitric acid and powdered potassium chlorate. After washing with distilled water, tissues were finally mounted in glycerine for observation. Photographs of different magnifications were taken with Nikon Trinocular Microscopic unit, Model E-200, Japan. Quantitative microscopy was done by using anatomical section and epidermal layer of fresh leaves. 20, 21 Nutritional content analysis and physicochemical Evaluation Nutrient contents analysis is the amount of vitamins, minerals, calories obtained from fat, fatty acid profile and its composition was determined using Association of Official Analytical Chemists Methods. The powdered plant material was utilised for further physicochemical parameters like extractive value, moisture content, swelling index, water soluble ash, total ash, acid insoluble ash, foaming index, bulk density, pH, volatile oil content (by distillation method), foreign matter, crude fibre content and volatile oil determination as per WHO 2002 guidelines. 22, 23 Each study was performed in triplicate; mean values with standard error of mean (SEM) were calculated.
Pesticide residue and heavy metal estimation
The quantification of pesticide residue was estimated following the methods described in WHO 2002 guidelines. The present investigation involved estimation of four important heavy metals viz. Pb, Hg, Zn and Cd. Two (g) of powdered drug was digested with 10ml concentrated nitric acid followed by heating in a hot plate at 95°C for 15 min. This process was repeated twice for another 30 min until the red fumes of nitric acid disappear. The solution was cooled at room temperature and 2ml of deionised water and 3ml hydrogen peroxide (30% v/v) was added to start the peroxide reaction. After the reaction was completed, add 5ml of concentrated hydrochloric acid followed with 10 ml deionised water and heat the sample for an additional 15 min. The sample was cooled, filtered and make up to 50ml of volume. The estimation of heavy metals was analysed by using atomic absorption spectroscopy (Shimadzu-AA6300). Data was obtained in parts per million (ppm), (1ppm=1mg/kg). 24 
Phytochemical evaluation Preliminary Phytochemical screening
Preliminary phytochemical screening of ELE and its sub-fractions were performed to evaluate the presence of various classes of phytochemicals like alkaloids, glycosides, flavonoids, steroids/triterpenoids, phenolics, tannins, saponins, mucilages, protein, amino acids and carbohydrates as per standard procedure. [25] [26] [27] Quantitative estimation
The total phenolic content of extract was done by Folin-Ciocalteu (FC) assay as per standard protocol. 28 The total flavonoid content was expressed in rutin equivalent (RE). The total flavonol content was also determined by Aluminium chloride method. 29 The total alkaloid content was measured by standard procedure. 30 
HPLC standardization of Swertiamerin and Ursolic acid
HPLC analysis was carried out by using Waters 1500-series pump (Milford, MA, USA) attached to Waters 2998 photodiode array detector and data were analysed using waters Breeze software (Waters, USA). The mobile phase and sample were filtered through a 0.45 μm membrane filter by solvent filtration apparatus (Millipore, USA). Analysis of the samples was carried out in Column Lichro CART® 250-4 C18 column and methanol-water (1:1) to get better separation, peak shape and resolution at UV 238 nm and thus used for further analysis. The chromatographic conditions for swertiamerin: flow gradient started with flow rate of 0.5 ml/min. At 4.9 min, the flow rate was increased to 0.8 ml/min then increased to 1.0 ml/min at 5.1 min. The flow rate was kept constant up to 5.4 min and then finally decreased to 0.5 ml/min, restoring the initial conditions at 8 min. Detector's wavelength was 238 nm and the injection volume was 10 μl. The best base line separation (peak purity >95%) for swertiamarin was achieved at 238 nm also reported earlier.
Swertiamarin was found to show maximum absorption at λ max 238 nm in three-dimensional ultraviolet absorption spectra using photo diode array (PDA) detector. 31 The chromatographic conditions form ursolic acid: Stock solution was prepared by 1 mg/ml in methanol and serial dilutions are made for calibration curve. An isocratic mobile phase of acetonitrile: methanol (80:20 v/v) with an elution volume of 0.5 ml/min for identification of ursolic acids. The ursolic acid was detected at maximum absorption of λ max 210 nm. 32 
Extract composition by GCMS analysis
GC-MS analysis of the ethanolic extract of Exacum lawii was performed Shimadzu GCMS-QP-2010 plus system. RTx-5 Sil MS column (internal diameter 30 m × 0.25 mm, 0.25 m film thickness) was used for the analysis. Helium was used as the carrier gas. The injector temperature was maintained at 270°C, Oven temperature programme from 80°C to 210°C at 4°C/min in the interval time of 2 min and from 210°C to 300°C at 15°C/min at interval of 5 min, and the final temperature was kept for 20 min. Pressure 85.4 kPa, the volume of injected sample was 0.2 litre, column flow 1.21 ml/min, total flow 76.8 ml/min, linear velocity 40.5 cm/sec, purge flow 3.0 ml/min, split ratio: 60.0; The MS operating conditions were: m/z 40-600; ion source temperature 230°C; and interface line temperature 28°C. Identification of the compounds: Identification of compounds was based on the interpretation of the mass spectral fragmentation followed by comparing their mass spectra with data from NIST05 (National Institute of Standards and Technology, US) and WILEY 8 libraries by comparing with the MS literature data. 33, 34 
RESULTS
Random Amplified Polymorphic DNA (RAPD) fingerprinting profile
The genomic DNA isolated from Exacum lawii and purity was A 260 /A 280 ratio was found to be 1.6. The DNA was subjected to gel electrophoresis and image was shown if Figure 1 . The 6 primers pairs were successfully used for amplification of matK and rbcL gene. The primer pair rbcL_1F and rbcL_724R, rbcLaF and rbcLarR and MatK_2.1F and MatK_5R produced two DNA fragments from 700 to 800 bp. 
Pharmacognostical studies Morphological and microscopical
Powder microscopy
Dried powder of whole plant of Exacum lawii was investigated under microscope. Astrosclereides, cell wall was drawn out into lobes to form a more or less stellate body and calcium oxalate crystals which plays defensive role against herbivores were observed. Presence of parenchymatic 
Quantitative microscopy
Quantitative microscopy is useful for fixing standards for crude drugs. 
Nutritional content analysis and physicochemical
Pharmacognosy Journal, Vol 9, Issue 6, Nov-Dec, 2017 first and second elute of column was found to be 0.021±0.001 mg/kg and 0.018±0.001 mg/kg of plant material respectively. While in third elute pesticide content was reported to be absent. Heavy metals content (in PPM) were calculated and given in Table 3 . The values were found to be within the limit as prescribed by the WHO guidelines.
Phytochemical screening Preliminary Phytochemical screening
Phytochemical investigation indicated the presence of alkaloids, flavonoids, phenolic compounds, terpenoids, steroids and coumarins with in ethanolic extract and its toluene fraction, chloroform fraction, ethyl acetate fraction and. Tannins are found to be present in ethanolic extract and aqueous fraction.
Quantitative phytochemical estimation
The total phenolic content, Flavonoid content, Flavonol content and Alkaloidal content of ELE and its different fractions are given in Table 4 .
HPLC quantification of Swertiamerin and Ursolic acid
Chromatograms of ELE along with standard Swertiamarin and Ursolic acid have been shown in Figure 5 and 6. Mean retention time was of 1.3 min evaluation
The whole plant of Exacum lawii was dried in shade in room temperature for analysis of vitamins. The results were expressed as mg of element per 100 gm of dry weight plant material. From the results vitamin C was found to be in higher amount 6.11 mg/100 gm as ascorbic acid. The calcium content (12871.67 mg/kg) was found to be in appreciative quantitative in comparison with other macro-elements. It showed Exacum lawii can be a good source of calcium. Fatty acid profile showed different concentration of saturated fatty acids, polyunsaturated fatty acids, monounsaturated fatty acids, trans-fatty acids. Palmitic acid (1.37 gm/100 gm), Stearic acid (0.41 gm/100 gm), Oleic acid (0.41 gm/100 gm), Linoleic acid (1.11 gm/100 gm) and alpha-Linolenic acid (0.76 gm/100 gm) along with other fatty acids. Energy in calories was estimated to be 44.73 kcal/100 gm Table 2 . The results for the quantitative physicochemical constants of the air dried powder material were represented in the Table 3 .
Pesticide residue and heavy metal estimation
The chlorinated pesticide present in the whole plant of Exacum lawii in first and the second elute was reported to be 0.023±0.001 mg/kg and 0.012±0.00 mg/kg of plant material. The phosphate pesticide from the Each column represents as means ± SD (n = 6)
Pharmacognosy Journal, Vol 9, Issue 6, Nov-Dec, 2017 material includes both physiological as well as non-physiological ash. Acid insoluble ash and water soluble ash values quantify the inorganic material and silica respectively. From the results, it was found that the Exacum lawii showed the presence of higher quantity of water soluble ash compared to acid insoluble ash. Swelling index of a plant material is pharmaceutical value which denotes the presence of gums, mucilage, pectin and hemicelluloses. 43, 44 All the physicochemical parameters were standardised and documented with their estimated limits present. The bioactive constituents of medicinal plants like alkaloids, tannins, steroids, terpenoids and phenolics are responsible for their therapeutic activity. 45 Preliminary phytochemical screening and TLC analysis confirms that ethanolic extracts of Exacum lawii and its fractions contain terpenoids, polyphenols, flavonoids, alkaloids and steroids. The ethanolic extract of Exacum lawii quantifies higher number of phytocompounds. Swertiamerin, is bitter secoiridoid glycoside found in various species of family gentianaceae and have been reported to possess anti-edematogenic, antioxidant, hepatoprotective, anti-inflammatory, anti-nociceptive, anti-hyperlipidimic and analgesic. 46, 51 Ursolic acid (3β-hydroxy-urs-12-ene-28-oic acid) is a pentacyclic terpenoid, present in plants as secondary plant metabolite. Phytochemical makers swertiamerin and ursolic acid were quantified by using HPLC. There are many pharmacological properties of ursolic acid like anti-cancer activity, hepatoprotective, neuroprotective, cardioprotective, nephroprotective, antimicrobial and antiviral activity. 52-,53 GC-MS is an analytical technique used to separate and identify compounds that can be vaporised without decomposition. In present study, GC-MS analysis of ELE revealed 22 compounds with their molecular weight, peak area and retention time. Compound found with highest peak area percentage (18.31) was 2H-Tetrazol-5-amine, 2-(phenylmethyl). Tetrazole and tetrazole derivative have diverse biological activities like hypotensive, antimicrobial, antiviral, antiallergic, cytostatic, nootropic, and other biological activities. 54 Ascorbic acid 2, 6-dihexadecanoate was found as next dominant component with peak area percentage 14.31 and has been reported to have antioxidant, antiinflammatory and anti-nociceptive properties. 55, 56 Astaxanthin, a naturally occurring terpenoid compound with peak area percentage 7.17 was also detected. 57 Echitamine a monoterpene indole alkaloid (peak area percentage 1.04) was confirmed along with some polyunsaturated fatty acids. The compounds identified may play very essential role in diverse therapeutic activity.
CONCLUSION
In conclusion all-inclusive results obtained from DNA fingerprinting, pharmacognostical and phytochemical standardization become important source to scientifically develop the quality control standards of Exacum lawii. These standards will ensure the authenticity and therefore assist in retaining medicinal importance of Exacum lawii. 
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RAPD: Random amplified polymorphic DNA; AOAC: Association of Official Analytical Chemists; WHO: World health organization; GCMS: Gas chromatography mass spectrometry; HPLC: High-performance 16 min. The concentration of swertiamarin in ELE was found to be 119.59 mg/gm. Mean retention time for Ursolic acid was found to be 1.6 min and concentration of Ursolic acid calculated was 5.34 mg/gm of ELE. Figure 5, 6 Extract composition by GCMS analysis GC-MS analysis of ELE led to the identification of 20 compounds. The chromatogram is shown in Figure 7 and identified compounds were listed in table along with retention time, peak area, peak percentage area and molecular weight Table 5 .
DISCUSSION
Despite of extensive medicinal uses of Exacum lawii mention in literature, there is no information on physicochemical or phytochemical parameters are reported to justify the quality control profile of Exacum lawii. Standardization of herbal drugs using analytical techniques could be the major and accurate step in their proper authentication. DNA markers are more authentic for identification as the genetic information of each species is its unique characteristic and is independent of environmental factors, physiological conditions and other subjective errors. A number of molecular tools are available to establish DNA fingerprinting profiles like RFLP, AFLP, RAPD and SSR. In the RAPD method, random short synthetic oligonucleotide primers are used to amplify the genomic DNA through polymerase chain reaction under low annealing temperature up to 28° C-38° C. The DNA fragments generated are separated on agarose gels based on sizes and compared with marker. 35 In the present study 2 gene combination of ribulose-1, 5-bisphosphate carboxylase oxygenase large subunit (rbcL) and maturase K (matK) as the standard plant barcode were chosen. 36 These two loci of chloroplast DNA were taken due to their efficient recovery of good quality sequences and high levels of species discrimination. 37 Nutritional content analysis identified Exacum lawii as a rich source of vitamin C or ascorbic acid which acts as an antioxidant, which protects the body from oxidative stress and maintains the immune system. In addition, it also prevents damage to lipids, protein and DNA by neutralising free radicals. 38 Vitamin A (retinoic acid), it is a bioactive metabolite and a potent signalling molecule in the brains which modulates neurogenesis, neuronal survival, synaptic plasticity and regulates numerous gene products. 39 Vitamin E is the major component of the cell antioxidant defence system and has numerous important roles in the body due to its antioxidant activity. 40 The most abundant macroelements detected were Calcium (Ca), Potassium (K), Iron (Fe) and Sodium (Na). Nutritional analysis of fatty acids can be classified as qualitative and quantitative. Qualitative analysis of fatty acid ensures the fatty acid composition and quantitative analysis is to quantify the actual amount of each fatty acid that is present in the plant material. Exacum lawii contains rich concentration of polyunsaturated and monounsaturated fatty acid among which alpha-linolenic acid, linoleic acid and oleic acid were found to be in higher content. Fatty acids can classified as bad and good fatty acids. Bad fatty acids are saturated and trans-fatty acids which increase total cholesterol and LDL levels. Good fatty acids are monounsaturated and polyunsaturated fatty acids, which can play the role in many therapeutic activities. 41, 42 Physicochemical parameters serve as a valuable source of information for the identification of plant material from other closely related Exacum species. It also provides suitable standards to determine the quality and purity of the plant. The results showed the presence of very less moisture content in plant. Since higher moisture content in plant material may lead to its deterioration and may lead to hydrolysis of active constituents. The ash values represent inorganic salts occurring naturally or deliberately added to crude drug as a form of adulterant. Total ash in a plant
